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Hydraulic model studies of the Sherman Dam outlet works wers 
conducted on a 1:20 scale model t o  develop the hydraulic design of the 
outlet works s t > U n ~  basin. 

The studies showed the prelininary basin design t o  be adequate 
for the design flow fron t w o  gates, but inadequake f o r  an emergency 
opersting condition in which the no& canal f low is discharged through 
only one of the  two gates. For the  l a t t e r  operating condition, the flow 
was on the verge of ~weeping~frorn the basin,~rithout the -$a&ion of a 
hyd.mulic jump vS4kia the-&&. As a remedy, the c e d e r  dividing xJaJ1 
was shortened approximately 10 feet,  md the basin f loor tras lowered 
2 feet in elevation. In t h i s  recommended design, no significant erosion 
occurred in the  canal bed downstream from the basin, and wave action 
along the caruh banks was judged t o  be tolerable, Wave suppressors were 
tested, and it was found that  the waves could be reduced considerably. 
Based on judgment, it was decided that a wave suppressor would not be 
necessary as part of the prototype structure. If a suppressor is  
required, it can be constructed later.  

A C K I ~ O W ~ M E W T  

The final plans evolved from this study were  developed through 
the cooperation of the s taffs  of the Spillway and Outlet 14orks Section 
and the Hydraulic Laboratory during the  period fmm April 1959, t o  
b k ~  1959- 

D r n D U c T I O N  

Sheman Dam, part of the Missouri River Basin Project, is 
located on Oak Creek about 20 miles northwest of Grasd Island, Nebraska, 
Figure 1. The dam, Figure 2, i s  an ear thf i l l  structure approxhately 
4,000 feet long a t  the crest, approximately 100 feet  hi& from the 



cmss section, anh30 feet wide at the crest. Its purpose is t o  provide 
irriga;tion water and flood pmtection. A spillway and an outlet works 
are  used for  water discharge. 

The spillway, Figwe 3, consists of an 8-foat-diameter, 
concrete-lined conduit discharging into a concrete s t i l l i ng  basin 
designed for  a naximum discharge of 1,095 cfs. No hydraulic model 
t e s t s  were performed on th i s  structure. 

The outlet works, Figures 4 and 5, consists of a concrete 
Make  structure, a $inch s tee l  pipe, a jlconcrete gate chamber ~ d t h  a 
6- by 7 - f a ,  6-inch hi@ pressure anergez,cy gate, a 90-inch s tee l  
outlet pipe, a concrete anchor block and ~rjiitml house containing a 
s teel  Y-branch pipe with two 4- by 5-foot high pressure gates, and a 
concrete s t i 7 g  basin. The outlet works is desiped t o  discharge 
approximte1.y 1,600 cfs a t  resenroir elevation 2169.7 irrto an earth- 
Uned canal 32 feet wide a t  i ts base. T a i l  water elevation i n  the canal 
w i l l  be a p p m m t e l y  2104.5. The f i r s t  67 feet of the canal downstream 
f m  the basin i s  t o  be riprapped. The outlet works s t i l l . i ~ g  basin and 
a section of the caml extending downstream from the basin are the 
features studied in th i s  investigation. 

TRE MODEL 

The outlet mrks model, Figure 6, is a 1:20 scale reproduction 
of the prototype. The model iacluded the two 4- by 5-foat high pressure 
slide wtes,  the s t i a w  basin, and aboub 75 feet  of canal section 
extending downstream from the basin. The gate assemblies were constructed 
of sheet m e t a l .  The brass gate leaves were attached t o  threaded brass 
rods for  lowering and raising the gate t o  aay position. The s tUine;  
basin was of plywood construdion, with one wall made fmm 3 / 8 - m  
transparent plastic f o r  observing the flow vithin the basin. The canal 
was molded i n  saad for  the f i r s t  t e s t s  but was l a t e r  covered with size- 
selected rocks t o  s-te the prototype riprap. 

In operating the model, the discharge and the gate opening 
were regulated in accordance with the computed curves i n  Figures 7 
and 8. For one gake operation, the right valve was aJ.ways ope&ed so 
that  the flow could be observed through the transparent wall. The 
t a i l  water elevation was regdated in accordance with the anticipated 
t a i l  water curve in Figure 9. The t a i l  water elevation was measured 
using a point gage located h the canal approximately 70 feet  downstream 
f r o m  the  st^-n basin. Water surface fluctuations in the canal were 
measured using an inch rule a,t a spot near the right bank about 60 feet 
downstseam from the stilling bash .  
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The prinary purpose of the investigation was t o  develop the  
hydraulic design of the ou t l e t  works s t i l l i n g  basin. To accomplish 
t h i s ,  it was necessary t o  study the  f l o w  f o r  c wide range of operating 
conditions trithin the basin and in t h e  canal joining the  downstream end 
of the  basin. 

Preliminary Basin 

The preliminary s t i l l i n g  basin was c iu i l a r  t o  the  recommended 
basin shown in Figure 4, with the  exceptions that the  cerrter training 
wall was U. fee t  6 inches shorter than shown, and the  apron was at 
elevation 2088 instead of 2036, as shown. 

The preliminary basin .was designed f o r  two 4- by 5-foot gates 
100 percent open discharging 1,675 c f s  at a total. head s? approximately 
65 feet  at the  gates. The Froude number of t h e  flot? entering the  basin 
at the  q s t r e m  end of the  liorizontal apron i s  approsdmately 6.5. other 
possible operating conditions, combinations of head and gate o m ,  are 
shown by the  discharge curves in Figures 7 and 8. The t a i l  water eleva- 
t ion  f o r  the  various discharges i s  given in Figure 9. 

The p r e m r y  besin performed very w e 1 1  in discharging the 
nonnal canal fiow of 960 cfs  , Figure 10, trhether the flow was at maxFmum 
gate opening or  maximum head. For discharges near the  maximum design 
flotr, the  basin performance was s t i l l  good, Figure U; however, at t ines  
the  water surface downstream from the  basin appeared t o  be too mu& for  
the  unprotected earth banks of the  c a r d .  A mve suppressor, 15  fee t  
long ins ta l led  at elevation 2098 in the  downstrean portion of the  s t i l l i n g  
basin, F i p  U, reduced the  water surface fluctuation in  the  canal. 
Water s M a c e  fluctuations were measured dong  t h e  canal bank 60 fee t  
downstream f r o m  the  basin. The wave strppressor improved the  water surface 
f o r  all operating conditions; in general, the  suppressor reduced the  
water surface fluctuations by one-half, Figure 12. However, since the 
canal banks were t o  be riprapped f o r  a distance of about 67 fee t  beyond 
the  end of the  basin, it was decided that a wave slrppressor would not 
be necessarj. 

A scour t e s t ,  Figure 13, shoved tha t  t h e  basin performed w e l l  
in preventing excessive erosion of t h e  sand channel bottom a f t e r  2 hours 
of model operation. The discharge was varied from 400 t o  1,515 cfs  at 
masdmum head by adjusting the  gate opening during the t e s t .  

Sweepout t e s t s  were conducted by maintaining t h e  discharge 
constant while decreasing the  gate openine;; or,  in other words, by 
increasing the  head at t h e  gates above the  caxuputed values shown in 
F i e  1 .  For two-gate operation, the  margin of safety was ample f o r  



was found to  be-small f o r  small discharges; fo r  discharges of 750 c fs  
o r  more at  maximum head, the jump swept out of the upstream portion of 
the basin, Figure 14. One-gate operation i s  not normal ,  but emsrgency 
operating conditions may require the use of a single gate for  sh0r.t 
periods. Because of the danger of jump sweepout, the basin was modified 
t o  provide more factor  of safety  fo r  one-gate operation. 

The Re commended Desim 

To maintain the hydraulic jump i n  the basin during one-gate 
* 

operation, two modifications of the preliminary basin were made. F i r s t ,  
the center w a l l  was shortened approxhately  10  feet .  This helped to 
s t ab i l i ze  the jump and provided a safety  fac tor  of about 2 percent i n  
gate opening for  maximum discharge at maxirmun head from one gate, Figure 
14. Second, the elevation of the basin f loor  was then lowered 2 f e e t  to 
elevation 2086. This arrangement, the  recommended design provided a 
f ac to r  of safety  of approximately 30 percent i n  gate opening for  maximLua 
discharge from one gate at  maxFrmrrn head as shown i n  Figure 14. 

The sweepout sa fe ty  factor  i n  terms of tail-water elevation 
was investigated, Figure 15. For the design flow from two gates,  the 
tail water could be lovered 7 f e e t  before the sweepout candition was 
reached. For the design flow from one gate,  the  tail water could be 
lowered 2 foe t  before sweepout from the upstream portion of basin was 
possible. 

Water surface fluctuations to i w  expected along the c a d  
banks fo r  the various schemes tes ted are  shown i n  Figures 16 and 17, 
The recommended design with the  f loor  lowered 2 izet provided a 
smoother water surface than the preliminary design with the w a l l  
shortened. The wave suppressor fur ther  reduced the f luctuat ions  when 
used with any of the designs tested.  

For the recommended design and maximum design flow, the  
addition of the wavi9 suppressor reduced the  water surface fluctuations 
from 14 t o  8 inches. For the  normal flow passed through one g a t e ,  the 
suppressor reduced the fluctuations from 23 t o  16 inches. However, 
with the suppressor i n  pl.ace, the water surface upstream from the  
suppressor became somew!kt rougher. 

To determine whether the  suppressor was necessary i n  the prota- 
type, the model canal banks were covered with r ip rap  scaled t o  prototype 
sizes.  The basin discharging flows ranging from 560 c f s  t o  a maximum 
of 1,675 c f s  through two gates and up t o  990 cf s through one gate, 
Figures 18 though  21, produced no movement of r ip rap  along the canal 
banks and very l i t t l e  movement on the canal bottom near the end of the  
basin after 4 hours of model operation. A s  the flow passed dormstream, 
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SHERMAN DAM OUTLET WORKS 

The 1:20 Scale Model of Preliminary Design. 









Figure 10 

C and D. Two gates 60% open-- 
Maximum head. 

SHERMAN DAM OUTLET WORKS 
Flow Conditions for Preliminary Design--960 c. f .  s. 

1 r20 Scale Model 



Not-of-- 'R at 
elevation 20 98 .  

SHERMAN DAM OUTLET WORKS 
Flow Conditions for Preliminary Design With and Without Wave Suppressor-- 

1 ,515 c .f .s .  
1:20 Scale Model 





Figure 13 
Report Hyd. 

A .  Bed molded for erosion test .  

B. Erosion pattern after 2 hours model operation using 
both gates discharging 400 to 1,515 c . f . s .  
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SHERMAN DAM OUTLET WORKS 
EXOSION TEST 
1:20 Scale Model 
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DISCHARGE IN C F S FROM ONE GATE 100% OPEN 
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DISCHARGE IN C F S  mOM ONE GATE OPENED TO PROVIDE MAXIMUM HEAD 

- Center wall shortened. - - Center wall shortened and apron lowered 2'-0' Recommended design. 
+Center wall shortened,apron lowered ZLO"and wave su ppressor a t  

Elev. 2098 

SHERMAN DAM OUTLET WORKS 
WATER SURFACE FLUCTUATIONS IN CANAL FOR ONE GATE OPERATION 

1120 SCALE MODEL 



SHERMAN DAM 
Flow Conditions for Recom 

1:20 Sca 

OUTLE 
mended 
l e  Mode 

F i y r e  18 
Report Hyd. 455 

A and 13. Two gates  100% open. 

C and D. Two gates  607'0 open-- 
hlaximum head. 

I<ote: The depth scale is i n  
prototype feet. Lero is at 
!)asin floor elevation 2098 

T WORKS 
Design--960 c. f .  s. 
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Figure 19 
Report Hyd. 455 

One gate 100% open. 

One gate 6570 open-- 
Maximum head. 

Two gates 10070 open. 

Two gates 3570 open-- 
Maximum head. 

SHERMAN DAM OUTLET WORKS 
Flow Conditions for Recommended Design- 

1 :20 Scale Model 





SHERMAN DAM OUTL 
Flow Conditions for  Recommended Design- 

1:20 Scale Mod 

Figure  21 
Report  Hyd. 

A and B. 990 c.f.s.--One gate 100 
open. 

C and D. 1,675 c . f . s .  --Two gater 
1OODJo open. 

. .yoto: . Tlic iiepth :;talc i:i i n  
j:r-o~otypc ff!:>_. Zero i:; at 
,a:;in f loor elcvatior, 203G. 

WORKS 
I0 and 1,675 c . f .  s . --Maximum Head 
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A and R. One  ga t e  100% open-- 
Maximum Head--990 c .  f .  s. 

%, - 
SHERMAN DAM OUTLET 

l o w  Conditions With Wave Suppressor  Added t o  R 
1 :20 Sca le  Model 

C and D. One ga t e  100% open-- 
Maximum head--1,675 c.f.s. 

Note: Bottom of wave s u p p r e s s o r  is at 
elevat ion 2098. 

WORKS 
Lecommended Design--990 and  1,675 c. f .  s. 


